A number of samples have been dredged from the upper parts of Amanay and El Banquete Seamounts, yet volcanic materials have been collected only in Amanay. Based on the textural features and the presence or absence of kaersutite, two main types of olivine pyroxene basaltic rocks have been identified. From a compositional point of view, they are basanites with high enrichment in the most incompatible elements, similar to that displayed by Ocean Island Basalts. Samples from Amanay seamount would have been formed due to a low degree of melting of an enriched mantle, very similar to that which probably caused the Miocene volcanic activity of Fuerteventura.
Introduction
The islands of Lanzarote and Fuerteventura represent the emergent crest of the Eastern Canarian Volcanic Ridge that extends north-northeast below sea level subparallel to the African coastline and to the oceanfloor spreading fabric. To the North, the Ridge is connected to Conception Bank ( Figure 1A ), a submarine volcanic complex situated above 30 • -31 • N latitude (Luyendyk and Bunce, 1973; Uchupi et al.,1976; Weigel et al., 1978; Dañobeitia, 1988; Dañobeitia and Collette, 1989) .
In the southern part of Fuerteventura two circular shaped seamounts appear west of the Jandía Peninsula. The seamounts were interpreted as corresponding to two volcanic edifices the 'Amanay Submarine Edifice', situated northwest of Jandía, and "El Banquete Submarine Edifice", which occurs southwest of Jandía (Ancochea et al., 1996) . The latter edifice is connected to the southern end of Fuerteventura by a flat and shallow platform (Figure 1B and C) .
Dredging of Amanay and El Banquete Seamounts was carried out under the scope of the Oceanographic and Hydrographic Research of the Spanish Economic Exclusive Zone (ZEE Project, August 2001) by R/V Vizconde De Eza dealing with the study of the ocean floor around the Canary Islands. The aim of the dredging operations was to collect samples in order to determine both the composition and age of the rocks forming the seamounts.
Amanay and El Banquete
Amanay and El Banquete seamounts (Figures 1 and  2 ) lie to the east of Gran Canaria and close to Fuerteventura. In view of their proximity, they were expected to show common geological characteristics. Both seamounts are similar in size, with a basal diameter of 28-29 km, exceeding 2000 m in height, and are separated by a narrow channel exceeding 1000 m in depth. Dañobeitia and Collette (1989) . B: Location map of Amanay Seamount using Smith and Sandwell (1997) database and Generic Mapping Tools (Wessel and Smith, 1995) . C: Bathymetry map of Amanay Seamount. Contour interval is 100 m. Bathymetry data comes from 'Spanish Economic Exclusive Zone Project'.
Gran Canaria
The subaerial volcanic history of Gran Canaria began about 15 Ma and was divided into three main phases (Schmincke, 1982) . The first phase, the subaerial Miocene phase, started with rapid emission of tholeiitic to weakly alkalic basalts (∼13 Ma), followed by rhyolitic/trachytic and phonolitic/trachytic lava flows and ignimbrites. After a period of quiescence (from 8.5 to 5 Ma) the Pliocene phase consisted of nephelinites, alkali basalts, basanites, tephrites and phonolites, with peak activity at 4 Ma. Basanites, tephrites, nephelinites and melilitites make up the Quaternary-Holocene phase, which affected only the northern part of the island.
Fuerteventura
Two major structural and petrological units are distinguished in Fuerteventura: the Basal Complex and the Subaerial Volcanic Series. As defined by Bravo (1964) , Fúster et al. (1968) and Stillman et al. (1975) the Basal Complex is a thick, Cretaceous sedimentary sequence overlain by submarine volcanic rocks and intruded by an intense NNE-SSW trending sheeteddyke swarm, which was formed in association with the emplacement of alkaline plutons. The Basal Complex represents the submarine growth stage of the volcanic complex and the subvolcanic roots (plutons and dykes) of their successive subaerial episodes (Ancochea et al., 1996) . Figure 2 . Location of the Volcanic Complexes on Fuerteventura and Lanzarote. 1 : subaerial emission centers; 2 : submarine emission centers; 3 : approximated areas occupied by volcanic complexes in Fuerteventura zone; 4 : approximated areas occupied by volcanic complexes in Lanzarote zone; 5 :alignement of the volcanoes; 6 : main trends of dyke intrusions; 7 :possible landslides. (Ancochea et al., 1996) . Within the Subaerial Volcanic Series, two episodes are distinguishable. The earliest and most important is the Miocene Old Basaltic Series. Ancochea et al. (1991) , Cubas et al. (1992) , Hernán et al. (1993) and Ancochea et al. (1993 Ancochea et al. ( , 1996 have proposed that the Miocene Old Basaltic Series correspond to three major volcanoes or volcanic complexes: the Southern Volcanic Complexes (SVC or Jandía), Central Volcanic Complexes (CVC) and Northern Volcanic Complexes (NVC) (Figure 2) . Each complex has a separate history, in some cases longer than 10 m.y., with several periods of activity alternating with quiescence accompanied by erosion (Table 1) . After a period lasting about 7 m.y. (Coello et al., 1992) and characterized by lack of activity and erosion, new basaltic materials were erupted during emplacement of the PlioceneQuaternary Recent series. The importance of this stage is lesser in terms of volume, although it continued until present times.
The geochemical character of the volcanic rocks on Fuerteventura is always alkalic, but alkalinity varies from mildly alkaline (normative hyperstene and olivine but without Ca-poor pyroxene), middle alkaline (0 < normative nepheline Ne<5), high alkaline (5<Ne<10) and ultra-alkaline (Ne>10).
Methods
Rocks were dredged in four sites, two from the Amanay Seamount (A1 and A2) and two from El Banquete Seamount (B1 and B2), one of each pair at shallow depth and the other one at a greater depth along the flank ( Figure 1 and Table 2 ).
Volcanic samples have been dredged only in one site (A1). Fragments of volcanic rocks in this site were abundant and appear to be of uniform petrologic type in hand-specimen. They show minor differences in vesiculation, varying from almost 0 % (non-vesicular) to more than 10%.
Ten samples from site A1 were selected for detailed petrographic and mineralogical study. Two of the samples (number 24 and 32) were considered to represent the main petrographic types and were later analysed. The analysed samples were treated with deionised water to remove seawater. Major and trace element concentrations were determined by ACT-LABS laboratories in Ontario (Canada) by X-ray fluorescence spectrometry and by inductively coupled plasma-mass spectrometry (ICP-MS). Samples 24 and 32 were dated by the K/Ar method by Teledyne Isotopes Laboratory (USA). The material used for dating was represented by 'whole rock' samples of one or two grams, with particle size varying from 0.3 to 1 mm. Argon was extracted by fusion after degassing at moderate temperature in high vacuum and the 38 Ar tracer was added to the analysis using a continuous pipetting system. The analytical errors were calculated according to the method of Dalrymple and Lamphere (1969) . Converted ages were calculated using the following constants: 40 K/K = 1.167 × 10 −2 atoms %; λε = 0.581 × 10 −10 yr −1 ; λ β = 4.962 × 10 −10 yr −1 ; 40 Ar/ 36 Ar atmosphere = 295.5. All errors are given at the 2 'σ' level.
Chemical analyses of minerals was carried out with a JEOL electron microprobe (JXA-8900 M) equipped with four spectrometers at the Universidad Complutense de Madrid. The operating parameters were: 20 s total counting time, 15 kV accelerating voltage, 20 nA beam current, and 1-5 µm beam diameter. Calibration was against standard minerals provided by Department of Mineral Sciences of the Smithsonian Institution (Jarosewich et al., 1980) .
Results

Sedimentary samples
Sampling site A-1: Medium to coarse sandstones. Well-rounded grains of volcanic rocks and skeletal fragments with isopach sparite cement, interpreted as originally aragonitic in nature (calcite now). In spite of cementation, porosity amounts locally to 20%. Fossil content is very high, including bioclasts of Lithothamnium algae (largely branching), echinoids and bivalves. Bivalve shells are moderately penetrated by microborings. The sand is interpreted as having been deposited in agitated, clean, shallow-marine waters (upper shoreface).
Sampling Sites A-2, B-1 and B-2:
Bioclastic grainstone with Lithothamnium, gastropods, echinoids, bivalves with superficial microboring, benthic and encrusting Gypsina-like foraminifers. There are some remains of a peloidal matrix. Most grains are coated by isopach sparite to microsparite cement, interpreted as originally aragonitic. There is some intergranular porosity. The environment of deposition was shallowmarine, clean, and characterized by agitated waters (upper shoreface or carbonate platform).
As these rocks were sampled in (present) deeper waters, a post-sedimentary downslope transport should be assumed, although it is possible that subsidence also contributed to moving these rocks to deeper waters.
Volcanic samples (only site A1)
Petrographic analyses of the rock samples indicate that they are olivine pyroxene basalts, generally nonvesicular or sparsely vesicular. Two main populations of basaltic rocks can be identified. The most frequent type, represented by sample 24, is a hypocrystalline porphyritic rock in which the groundmass shows variable crystallinity. The main phenocrysts are clinopyroxene and olivine, but minor amounts of amphibole are also present. The basalts display some evidence of alteration to secondary minerals, and locally a few small vesicles (<0.3 mm) filled with calcite or zeolites were observed. Fine-grained granular polycrystalline aggregates (up to 1 cm across) are commonly found; they consist of diopside with variable enstatite contents (44-47%) and rare plagioclase; frequently anhedral grains of pargasitic hornblende surround them. The other group of basalts (represented by sample 32) show holocrystalline texture with clinopyroxene and olivine phenocrysts set in a fine-grained matrix. Amphibole is absent in these rocks which, in addition, do not show glass, vesicular texture, microcrystal- line aggregates or any significant alteration. All these features are clearly different from the basaltic group described above.
In both groups, the clinopyroxene is diopside, which forms subhedral to anhedral zoned and twinned phenocrysts with variable size up to 3 mm across and appears to be fresh. The diopside exhibits irregular concentric zonation patterns with a range of enstatite content from core to rim (32.5-46.2%) and cores with variable aegirine contents (3-14%). The high Ca+Na content determined in diopside is characteristic of the clinopyroxene of alkaline lavas (Leterrier et al., 1982) . Olivine is present as subhedral microphenocrysts and is less abundant than clinopyroxene. The olivine phenocrysts display complete alteration to iron oxides and hydroxides, as well as resorption rims.
The amphibole shows some variation in abundance within the samples and varies in size from 1 mm to 0.1 mm. It occurs both as anhedral phenocrysts and as microcrysts. Larger phenocrysts frequently show resorbed rims with alteration to iron oxides and sphene. In all samples the amphibole is kaersutite and shows an increase in the Mg/ (Mg+Fe 2 ) ratio towards the cores.
The groundmass in both basalt groups typically consists of fresh idiomorphs laths of labradorite to andesine plagioclase (An 54 to An 43 ), clinopyroxene (diopside) prisms and oxide minerals (magnetite with exsolutions of ilmenite, Cr-bearing magnetite and ilmenite.) Two K/Ar radiometric determinations (one from each petrographic type) have been carried out from unaltered or slightly altered samples (Table 3 ). The (Thompson, 1982) . percentage of 40 Ar* (>20%) is quite high for rocks with such a low K content. The chronologic data correspond to the middle Miocene (16.4-11.2 Ma) The composition of both basalt types is very similar, with MgO contents around 7% (Table 4 ) and both plot in the basanitic field of the Total Alkali Silica diagram (Le Maitre et al., 1989) (Figure 3) . Although the rock looks unaltered, a partial alteration of its composition could have resulted from its location in a marine environment Ti, Zr, Y and Nb contents, which are thought to be relatively immobile in aqueous fluids, confirm its alkaline character (Winchester and Floyd, 1976; Pearce, 1982) . One can come to a similar conclusion from the high Ti/V ratio (73 and 75) and low TiO 2 /P 2 O 5 ratio, which are typical of alkaline rocks (Winchester and Floyd, 1976; Shervais, 1982) . The samples show depletion in heavy rare earth elements (HREE) relative to the light and intermediate rare earth elements ((La/Yb) N = 21.5 and 23.9, (Sm/Yb) N = 6.95 and 6.52).
The compositions of the samples normalized to a primordial mantle (Thompson, 1982;  Figure 4 ) reflect enrichment in the more incompatible elements, especially Nb, Ta, La and Ce; K is depleted relative to Th, Nb, Ta, La and Ce. The pattern is similar to that displayed by Oceanic Island Basalts and Canary Island basalts, showing a strongly negative potassium anomaly and high LREE contents. The low Ba/Nb, Rb/Nb, K/Nb, Th/Nb and Ba /La ratios are similar to those of HIMU basalts (Weaver, 1991) .
Comparison with adjacent volcanic edifices
The volcanic rocks from Amanay show some compositional similarities with other Canary Island volcanic rocks, but they display some significant differences. The Amanay rocks show higher alkali, Zr, Y and REE contents at similar MgO contents compared to the basalts from the nearby islands (Gran Canaria, Fuerteventura) ( Figure 5 ). The most similar rocks are those from Jandía (SVC), which is the closest volcanic edifice. Both low HREE contents and the high (Gd/Yb) N ratios of the Amanay samples suggest low degrees of partial melting, a common feature for Canary Island basalts. (Gd/Yb) N ratios are higher (3.8-4.1) than those typical of the Miocene basalts of Gran Canaria (3.1-3.4) but similar to the determined (Gd/Yb) N ratios from basalt of La Palma (3.4-4.5) and Fuerteventura (3.4-5.1, average: 4.1). This could indicate that mantle melting may have started at greater depths than in Gran Canaria, but at the same depth as in La Palma and Fuerteventura (Abratis et al., 2001; Ancochea et al., 1993) . High (La/Yb) N ratios (21.5-23.9) suggest lower degrees of melting than beneath Gran Canaria (10-19), NVC (14-21) and CVC (9-18) of Fuerteventura. The degree of melting of Amanay is within the range of the Jandía edifice (14-29). Zr/Nb, Y/Nb and Ba/Y ratios (5, 0.45 and 14 respectively) are in the same range of those determined in rocks from Fuerteventura, but quite different to the basalts from Gran Canaria (Zr/Nb>6, Y/Nb>0.5 and Ba/Y<10), which suggests a more enriched mantle source for the rocks of Amanay and Fuerteventura.
Ages determined from the volcanic samples of Amanay (13.1 ± 0.3 to 15.3 ± 0.4 Ma) indicate that the rocks formed during a time interval in which Gran Canaria (Schmincke, 1982) , Fuerteventura and the southern part of Lanzarote (Coello et al., 1992) experienced volcanic activity ( Figure 6 , Table 1 ). Regarding Gran Canaria, the age is coincident with the first stage of building of the island, with major activity at 13 Ma. In this period the volcanic activity is important in the three volcanic complexes of Fuerteventura where the youngest volcanic units were being formed (Ancochea et al., 1996) . The oldest age determined in the Amanay basalts is coeval with the lower unit of the NVC, and the youngest age is coeval with the upper unit of the NVC. Regarding the CVC, the upper unit of the edifice was being formed at 15 Ma, whilst the volcanic activity (Late Formations, Ancochea et al., 1996) was residual at 13 Ma. Correlation with the SVC shows that the 15.3 ± 0.4 age is located at the boundary between the Middle and the Upper SVC whilst the 13.1 ± 0.3 Ma age is probably contemporaneous with the Late Formations. The two determined ages are also coeval with the formation of the Ajaches Edifice (15.5 ± 0.3 to 12.3 ± 0.3 Ma) in southern Lanzarote. Ages determined in the Famara Edifice (northern Lanzarote) are younger (Coello et al., 1992) . Finally, two samples dredged from the Conception Bank (Geldmacher et al., 2001 ) have yielded ages of 16.64 ± 0.2 Ma and 17.50 ± 0.6 Ma, somewhat older than the Amanay rocks, but possibly coeval with earlier stages of the building of Amanay seamount.
Conclusions
The samples dredged from the Amanay Seamount support the volcanic origin of this edifice. As previously postulated by Ancochea et al. (1993 Ancochea et al. ( , 1996 , the Amanay Seamount is a submarine edifice linked to a row of volcanic edifices extended along a rift subparallel to the African coast-line. The volcanic rocks of Amanay are basanites composed of olivine and pyroxene phenocrysts, erupted at 15.3 and 13.1 Ma.
Two petrographic types are distinguished. The main difference between the two types is the presence or absence of phenocrysts of kaersutite and fine-grained granular polycrystalline aggregates of diopside, enstatite, pargasitic hornblende and plagioclase.
The chemical composition of the two basalts collected in Amanay is quite similar. They show OIB and HIMU patterns with clear, strong LREE enrichments. The composition is also similar to the old basaltic rocks of Fuerteventura. The rocks from Amanay derive from a mantle source more enriched and melted at greater depth than that seen in Gran Canaria, but similar to that found in Fuerteventura.
The volcanic rocks of Amanay formed throughout a period (15.3 ± 0.4 and 13.1 ± 0.3Ma) of remarkable volcanic activity in the Eastern part of the Canarian Archipelago. During this period, the three volcanic complexes of Fuerteventura and the Southern Edifice of Lanzarote (Los Ajaches) were active. The younger age determined (13.1 Ma) from the Amanay rocks is similar to that shown by the later units belonging to the Fuerteventura and Los Ajaches edifices.
